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The  usual  starting  point  for understanding  changes  in income-related  health  inequality  (IRHI) over  time
has been  regression-based  decomposition  procedures  for the health  concentration  index.  However  the
reliance  on  repeated  cross-sectional  analysis  for this  purpose  prevents  both  the  appropriate  speciﬁcation
of  the  health  function  as  a dynamic  model  and  the identiﬁcation  of  important  determinants  of  the  tran-
sition  processes  underlying  IRHI  changes  such  as  those  relating  to  mortality.  This  paper  overcomes  these
limitations  by developing  alternative  longitudinal  procedures  to  analyse  the role  of health  determinants
in  driving  changes  in  IRHI  through  both  morbidity  changes  and  mortality,  with  our dynamic  modelling
framework  also  serving  to  identify  their  contribution  to long-run  or structural  IRHI. The approach  is  illus-
trated  by  an  empirical  analysis  of  the  causes  of  the increase  in  IRHI  in  Great  Britain  between  1999  and
2004.
© 2013 The Authors. Published by Elsevier B.V. 
. Introduction
Signiﬁcant socioeconomic inequalities in health have persisted, or even increased, in many European countries despite considerable
mprovements in average health (Van Doorslaer and Koolman, 2004; Kunst et al., 2005), leading governments to recognise the need to tackle
ealth inequalities. For example, England committed to reduce socioeconomic inequalities in both infant mortality and life expectancy
t birth (Department of Health, 2008). Marmot (2010) argues that such goals cannot be achieved through health policies and health care
ystems alone but will require action across all the socioeconomic determinants of health because health inequalities are caused by social
nd economic inequalities in society. It is therefore important to understand how wider changes in socioeconomic conditions impact on
ealth inequalities in order to shape the design of an effective set of public policies to tackle the issue.
There is a considerable body of work in health economics on socioeconomic health inequalities and their determinants (O’Donnell
t al., 2008), which focuses primarily on income-related health inequality (IRHI). The main measure of IRHI within this literature is the
oncentration index (CI), which captures the extent to which good health in any period is concentrated among the rich compared to the
oor and is equal to twice the covariance between health and income rank normalised by average health. However the value of this simple
ivariate measure is determined not only by the direct relationship between income and health but also by other factors, such as age,
ender and lifestyle choices, to the extent that they affect health and are correlated with income. This has led to the development of
ross-sectional regression-based decomposition techniques to identify the contribution of inequalities in the individual determinants of
ealth to overall health inequality (see Gravelle, 2003, for an exposition).
Open access under CC BY-NC-ND license.This methodology has subsequently been extended to identify the source of changes in IRHI in a population over time by comparing the
ecompositions from repeated cross-sectional surveys (see, e.g., Wagstaff et al., 2003; Gravelle and Sutton, 2003). In particular, Wagstaff
t al. (2003) propose a ‘total differential’ decomposition of the change in the cross-sectional CI between two  periods that serves to reveal
he contributions of changes not only in the distribution of the determinants of health across income classes but also in the cross-sectional
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ffects of those determinants on health. However, while this type of comparative analysis can be helpful in identifying the determinants
f changes in IRHI in a population over time, certain limitations compel a degree of caution. First, as is recognised in Wagstaff et al. (2003),
he causal interpretation of the results is problematic because, among other things, the cross-sectional regression model estimates will
enerally be biased if the health function is dynamic rather than static.1 There is now considerable evidence of the state-dependence of
ealth (see, e.g. Benzeval and Judge, 2001; Contoyannis et al., 2004), due to the persistence of health conditions, to suggest that dynamic
odels are more appropriate than static ones.2 Second, there are important aspects of the underlying determinants of IRHI changes that
annot be revealed by simply examining changes in cross-sectional relationships and inequalities. In particular, the repeated cross-sectional
pproach cannot be used to identify the effect of deaths on IRHI (Petrie et al., 2011) and hence the impact of the determinants of mortality
n IRHI are also not separately identiﬁable.
The main aim of this paper is to establish alternative procedures, based on longitudinal or panel data, to investigate the socioeconomic
eterminants of the health transition process that in part drives changes in cross-sectional IRHI.3 The use of longitudinal data allows the
nalysis of changes in IRHI to be based on a regression model that captures both the dynamics of morbidity changes and mortality. Our
ynamic modelling framework also generates a measure of steady-state or equilibrium health that provides the basis for a complementary
nalysis of the structural determinants of chronic or persistent IRHI.
Our starting point is the decomposition procedure in Petrie et al. (2011), which shows how the change in IRHI between two  periods
rises from a combination of changes in health outcomes (i.e. “income-related health mobility”) and changes in individuals’ positions in
he income distribution (i.e. “health-related income mobility”). We  brieﬂy review this procedure in Section 2 before showing, in the main
ontribution of the current paper, how it can be expanded upon to explore the contributions from health determinants through the use of
egression-based decomposition techniques analogous to those available in the literature for the CI (see Gravelle, 2003). Speciﬁcally, we
rst explain health changes in Section 3 by considering a Two-Part Model which accounts for both morbidity changes and mortality and
hen show in Section 4 how this may  be used to further decompose income-related health mobility into the individual contributions of the
arious health determinants.4 In addition, we demonstrate how our dynamic modelling framework can also be used to analyse the health
eterminants of chronic or equilibrium IRHI. We  employ our procedures in Section 5 to investigate the dynamics of IRHI in Great Britain
ver the ﬁve year period 1999 to 2004 using Quality Adjusted Life Years (QALYs). The ﬁnal section discusses the contribution of the paper.
. Review of methods to account for changes in IRHI using longitudinal data
Petrie et al. (2011) propose a decomposition procedure to identify the contributions of health changes and income re-ranking to changes
n IRHI between two periods. This section brieﬂy outlines their procedure in order to provide the basis for our subsequent analysis.
Assigning the dead a health status of zero5, Petrie et al. (2011) propose the following decomposition of the change in CI from an initial
eriod s to a ﬁnal period f:
C˜I
h
ff − CIhss = (C˜I
h
ff − CIhfs) + (CIhfs − CIhss) = MR − MH (1)
here a tilde above a measure indicates that it is deﬁned only over the sub-population in the initial period who survive to the ﬁnal period
s ∩ f
}
rather than the entire population in the initial period ˝s.6 Thus the CI in the initial period CIhss = 2cov(his, Ris)/h¯s is deﬁned over
s and is twice the covariance between individuals’ health his and fractional income rank Ris normalised by average health h¯s, whereas the
I in the ﬁnal period C˜I
h
ff = 2c˜ov(hif , R˜if )/ ˜¯hf is analogously deﬁned but only over the sub-set of individuals who  survive to the ﬁnal period
˝s ∩ ˝f
}
. Finally, CIh
fs
= 2cov(hif , Ris)/h¯f is deﬁned over ˝s as the CI of ﬁnal period health hif with respect to initial period income ranks
is.7
The index MR in (1) provides a measure of health-related income mobility, which captures the effect on IRHI changes of income reranking
ot only due to the re-shufﬂing of survivors within the income distribution, but also due to the loss of individuals from the population as
 result of death (see Petrie et al., 2011, for further discussion). MH is interpreted as a measure of income-related health mobility, which
aptures the effect on IRHI changes of differences in relative health changes between individuals with different levels of initial income.
or the rest of the paper we focus on explaining the determinants of income-related health mobility rather than health-related income
obility.
1 The cross-sectional health model will only be valid if the health observations on individuals represent health state equilibria at each survey date, rather than the
ndividuals being in a state of adjustment.
2 Grossman (1972) assumes that health depreciates with age and can be improved by investment.
3 Van Ourti et al. (2009) propose an alternative decomposition procedure based on the use of longitudinal data, but focus their analysis on how the effect of income changes
n  IRHI varies depending on the nature of income growth and the assumed form of the relationship between health and income.
4 While it may  also be interesting to examine the determinants of health-related income mobility we leave this for future work. In the Wagstaff et al. (2003) type
ecomposition approach income re-ranking effects are not separately identiﬁed but are instead subsumed within the changes in the distribution of the determinants of
ealth  across income classes.
5 Quality Adjusted Life Years (QALYs) are used in the current paper as the measure of health because they allow both the quality and quantity of health individuals
xperience to be combined into a single meaningful measure. Full health is given a QALY of one and death a QALY of zero and the QALYs for all other health states are derived
n  relation to these two benchmark values—see Drummond et al. (2011) for further details.
6 t is the population alive in period t (t=s, f), such that
{
˝s ∩ ˝f
}
denotes the population alive in both periods. Longitudinal data in general will not capture the
ongitudinal experience of those who enter the population after the initial period such as newborns or migrants. Consideration of sources of sample attrition other than
ortality is postponed until the empirical section.
7 Note that the notation CIh
ab
refers to the CI obtained when health h in period a is ordered by income rank in period b.
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MH will be zero if relative health changes are unrelated to initial income rank and will be positive if health changes are equalising,
hich will be the case if the poor either enjoy a larger share of total health gains or suffer a smaller share of total health losses compared
o their initial share of health. MH in turn depends on the progressivity and scale of health changes:
MH = Pq =
(
CIhss − CIhfs
)(hf
h¯f
)
(2)
here CIh
fs
= 2cov(hif , Ris)/hf is the CI of health changes hif = hif − his ranked by initial income, and hf is the average health change
etween the two periods. Progressivity is captured by the disproportionality index P =
(
CIhss − CIhfs
)
, which will be positive if the poor
xperience a larger share of total net health changes than their initial share of health. For any given P, the gross redistributive effect MH is
roportional to the scale of net health changes q =
(
hf /h¯f
)
. Note that positive values of P imply that health changes will be equalising
or net health improvements and disequalising for net health deteriorations.
MH is deﬁned over ˝s and therefore captures the effect on the CI of relative health changes due to both morbidity changes and mortality.
o distinguish ex-post the impact of these two distinct health outcomes on income-related health mobility these health change types are
enoted by the superscripts MB  and MT, respectively, with their separate contributions to MH identiﬁed as:
MH = Pq = PMBqMB + PMTqMT =
(
CIhss − CIMBfs
)(hMBf
hf
)
+
(
CIhss − CIMTfs
)(hMTf
hf
)
(3)
here hf = h
MB
f + h
MT
f , with h
MB
if
set equal to the morbidity change for survivors and zero for those that die, and hMT
if
deﬁned as
he loss of health due to mortality for those who die and zero for survivors; and CIMB
fs
and CIMT
fs
are the CIs of health changes due to
orbidity changes and mortality, respectively.
Finally, we note that if there are no deaths then (1) yields the Allanson et al. (2010) decomposition:
C˜I
h
ff − C˜I
h
ss =
(
C˜I
h
ff − C˜I
h
fs
)
+
(
C˜I
h
fs − C˜I
h
ss
)
= M˜R −
(
C˜I
h
ss − C˜I
h
fs
) ˜hf˜¯hf = M˜R − P˜q˜ = M˜R − M˜H
(4)
here not just C˜I
h
ff but also all other statistics have been deﬁned over
{
˝s ∩ ˝f
}
, which will be identical to ˝s in this special case. More
enerally, (4) will prove useful in providing the basis for the analysis of the impact of morbidity changes on IRHI within the initial period
ub-population that survive until the ﬁnal period.8
In the following two sections we expand upon the Petrie et al. (2011) decomposition analysis by developing a regression-based decom-
osition procedure to identify the socioeconomic determinants of income-related health mobility. This is useful since MH is determined
ot only by the direct relationship between health changes and initial income but also by other factors that affect health mobility and are
orrelated with initial income.
. Modelling the determinants of mortality and morbidity changes
To identify the socioeconomic determinants of MH, we ﬁrst need a model which explains health changes due to both mortality and
orbidity changes. We  use a Two-Part Model (TPM; see Leung and Yu (1996) or Puhani (2000) for a discussion) for this purpose:
S∗i,t+1 = 0 +
K∑
k=1
kxkit + hhit + ϑi,t+1; ϑi,t+1∼N (0, 1) ; (5a)
hit+1 =
{
−hit; if S∗i,t+1 < 0
f (xki,t+1, xki,t, hit); if S∗i,t+1≥0
∀i ∈ {˝1 ∩ ˝t} for t = 1, ...T − 1 (5b)(5c)
hich is deﬁned over a T-period panel that is only unbalanced due to death and hence, in period t, comprises the subset of individuals}
˝1 ∩ ˝t remaining alive through to that period. The ﬁrst part of the TPM, (5a), determines the probability of survival until period t + 1
s a function of health hit in the preceding period and a set of mortality risk factors xkit (k = 1,.  . .,.K). This is assumed to take the form of
 standard probit model, with the link between the value of the latent index variable S∗
i,t+1 and observable survival status Si,t+1 following
he rule that Si,t+1 = 1 (alive in period t + 1) if S∗i,t+1≥0 and Si,t+1 = 0 (dead in period t + 1) otherwise. For those who die, the change in health
hit+1 is equal to −hit in (5b) since their health status in period t + 1 is zero by deﬁnition. For those who survive, hit+1 is given by the
8 Allanson and Petrie (2012) propose analogous decompositions for a range of commonly used rank-dependent measures of IRHI. It is a trivial exercise to extend the
nalytical procedures developed in this paper to these alternative measurement frameworks.
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ynamic health function f(xki,t+1, xki,t, hit) in (5c), where it is plausible to assume that the set of morbidity determinants is the same as
he survival function risk factors.9
To model the dynamic health changes of the surviving population we follow Hauck and Rice (2004) and Contoyannis et al. (2004),
mong others, in assuming the existence of a stable dynamic health function. We specify a similar but less restrictive health function that
akes the form of a ﬁrst-order autoregressive distributed lag model with ﬁxed effects, which allows for both current and lagged effects of
ealth determinants xk (k = 1,. . .K), health persistence and individual heterogeneity:10
hi,t+1 = ˛0 +
K∑
k=1
ıkxki,t+1 +
K∑
k=1
˛kxkit + (1 − )hit + i,t+1; ∀i ∈
{
˝1 ∩ ˝t+1
}
; t = 1, . . .,  T − 1 (6)
hich is deﬁned over an unbalanced panel that in period t comprises the subset of the original population who  survive until at least the
ollowing period; and where i,t+1 = 	i + εi,t+1 is an error term, composed of a ﬁxed individual effect 	i and a period speciﬁc disturbance
i,t+1. Eq. (6) may  also usefully be expressed in the form of an Error Correction Model (ECM) of the change in health:
hi,t+1 =
K∑
k=1
ıkxki,t+1 + 
(
h∗it − hit
)
+ εi,t+1 (7)
here
h∗it = ˇ0 +
K∑
k=1
ˇkxkit + 	i (8)
ay  be interpreted as a long-run steady-state or equilibrium health function with parameters ˇ0 = ˛0/ and ˇk =
(
˛k + ık
)
/,  such that
h∗
it
− hit
)
corresponds to the ‘equilibrium error’ in period t and  (0 ≤  ≤ 1) determines the rate of adjustment towards equilibrium.
ence, the change in health depends on the effects of contemporaneous changes in the determinants, the initial extent of any disequilibrium
n health and the size of the idiosyncratic health shock. Eq. (6) collapses to the static model hi,t+1 = h∗i,t+1 + εi,t+1 if there are no lagged
ffects of health determinants and full adjustment/no persistence in health (i.e. if the ˛k s (k = 1,. . .,K) all equal zero and  = 1).
ECMs are applicable to stationary, as well as co-integrated non-stationary, series where changes in exogenous factors have differing
hort and long-term effects or there is persistence of shocks (see Castle et al., 2010; De Boef and Keele, 2008; Hendry, 2006; Banerjee
t al., 1990; Wickens and Breusch, 1988). For example, in the current context, when a regular smoker quits there are likely to be both
hort-term as well as long-term beneﬁts for health: In the ECM, the short-term effects are captured by the impact on health from the
ontemporaneous change in cigarette consumption, while the long-term effects are captured through the impact of the equilibrium error
uch that the individual’s health slowly improves back to that of a non-smoker. Similarly, it might take the individual a number of periods
o fully recover from the effects of an exogenous health shock, such as a car accident, with the degree of persistence inversely related to
he rate of adjustment towards equilibrium . More generally, current health is determined not only by current health shocks and levels of
ealth determinants but also by the health shocks and levels of health determinants experienced over the entire life course of an individual
see e.g. Galobardes et al., 2007).
The ECM, thus, provides a parsimonious representation of the complex lagged response to health from changes in health determinants
nd the persistence of health shocks. For our analytical purposes, the main attraction of this representation is the clear distinction between
he short-run dynamics and the implied long-run health relationship (see Wickens and Breusch, 1988). In particular, it is possible using the
CM to identify both the short-term impact on IRHI due to contemporaneous changes in health determinants and also how these factors
ontribute to chronic or persistent IRHI.11
. Analysing the determinants of income-related health mobility
This section shows how the Two-Part Model may  be used to analyse the role of health determinants in driving changes in IRHI through
oth morbidity changes and mortality, and to identify their contribution to long-run or structural IRHI. We  ﬁrst consider the impact of
orbidity changes on IRHI changes within the sub-population in the initial period that survive until the ﬁnal period, as this serves to clarifyinks with existing procedures for the decomposition of the CI.
9 If (5a) and (5c) are assumed to be conditionally independent (Leung and Yu, 1996) this would serve to identify the latter unconditionally in the absence of any variables
hat  might conceivably inﬂuence mortality but not morbidity. However, for the current purposes we  are more interested in modelling actual health outcomes rather than
odelling the ‘potential’ health of the dead had they not died and therefore identiﬁcation is less relevant in this context.
10 Eq. (6) could readily be extended to include higher-order lagged terms in the xk ′s and h, leading to more complicated error correction models in which the short-run
ynamics are a function not only of contemporaneous but also of lagged changes in the health determinants.
11 Exploring the long-term consequences of changes in determinants is also possible in terms of the equilibrium impacts. However it is more meaningful to evaluate such
onsequences using lifetime measures of health attainment, such as health adjusted life expectancy, which lies beyond the scope of this paper.
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.1. An analysis of the determinants of morbidity changes conditional on survival
The ECM model of morbidity changes (7) may  be used to analyse the socioeconomic determinants of income-related health mobility
onditional upon survival. Speciﬁcally, if we consider consecutive periods such that f = s + 1 (s = 1, ..., T − 1) then M˜H in the sub-population
˝1 ∩ ˝f
}
12 may  be decomposed to yield:
M˜H = P˜q˜
{
K∑
k=1
(
C˜I
h
ss − C˜I
k
fs
) ıˆk˜xkf
˜hf
+
(
C˜I
h
ss − C˜I
EqE
ss
)
ˆ(˜h∗c − hs)
˜hf
+
(
C˜I
h
ss − C˜I
eˆ
fs
) ˜¯ef
˜hf
} (
˜hf
˜¯hf
)
(9)
here ˜xkf is the average change in morbidity determinant k, with C˜I
k
fs being the corresponding CI ranked by initial income; the ıˆk s, and
ˆ are estimates of the corresponding parameters of the dynamic health function (7);
(
˜
hˆ∗s − hs
)
is the mean predicted equilibrium error in
eriod s, with C˜I
EqE
ss = 2c˜ov
((
hˆ∗
is
− his, R˜is
))
/(
˜
hˆ∗s − hs) the corresponding CI ranked by initial income; and ˜¯ef is the mean regression residual
if = εˆif , with C˜I
e
fs the corresponding CI ranked by initial income.
13 Hence (9) may  be written as:
M˜H = P˜q˜ =
K∑
k=1
(
C˜I
h
ss − C˜I
k
fs
) ıˆk˜xkf˜¯hf +
(
C˜I
h
ss − C˜I
EqE
ss
)
ˆ(
˜
hˆ∗s − hs)˜¯hf +
(
C˜I
h
ss − C˜I
e
fs
) ˜¯ef˜¯hf
=
K∑
k=1
P˜kq˜k + P˜EqEq˜EqE + P˜eq˜e
(10)
here M˜H can be viewed as the sum of contributions due to changes in the K health determinants, the predicted disequilibrium error and
ontemporaneous health shocks in (7). Each term in (10) is expressed in terms of the scale and progressivity of the health changes due
o that element, with this further decomposition revealing how the average level of health changes and their distribution across initial
ncome ranks respectively impact on income-related health mobility. For example, a positive scale index q˜k implies a positive average
ealth impact due to the changes in the kth health determinant and if the poor enjoy a larger share of these health gains than their initial
hare of health then the progressivity index P˜k will also be positive giving rise to a positive impact on M˜H and thus a reduction in IRHI.
The interpretation of P˜EqE and q˜EqE are similar in terms of the impacts of health changes due to the process of adjustment towards the
quilibrium levels of health implied by individuals’ initial conditions, where this process may  generally be expected to have a negative
mpact on M˜H and hence exacerbate IRHI. To see this point, note that the contribution of the equilibrium error to M˜H can be expressed as
P˜EqEq˜EqE =
⎛⎝C˜Ihss − ˜ˆh
∗
s C˜I
hˆ∗
ss − ˜¯hC˜I
h
ss
(
˜
hˆ∗s − hs)
⎞⎠ ˆ(˜hˆ∗s − hs)˜¯hf =
(
C˜I
h
ss − C˜I
hˆ∗
ss
)
ˆ
˜ˆ¯
h
∗
s˜¯hf (11)
here
˜ˆ
h
∗
s and C˜I
hˆ∗
ss are the mean and CI respectively of implied equilibrium health in the initial period. Interpreting C˜I
hˆ∗
ss as a measure of
hronic IRHI then one would expect
(
C˜I
h
ss − C˜I
hˆ∗
ss
)
< 0 in the light of the empirical evidence that IRHI is worse in the long-run than in the
hort-run (see e.g. Jones and Lopez Nicolas, 2004; Allanson et al., 2010).14 Thus, P˜EqEq˜EqE will generally be negative since ˆ
˜ˆ¯
h
∗
s /
˜¯hf will be
ositive if, as will usually be the case, average health is positive and 0 ≤  ≤ 1.
.2. Incorporating the determinants of mortality
Extending the regression decomposition analysis to incorporate those who  die is more problematic as the inherent non-linearity of
he TPM (5) does not lend itself to being used in a simple decomposition of MH into its determinants. To address this problem we adopt
 hierarchical decomposition procedure in which we ﬁrst break down MH into elements due to health changes resulting from expected
orbidity changes, expected mortality and health shocks, and then further decompose the ﬁrst two of these elements to determine the
eparate contributions of the health determinants.12 The analysis is restricted to the population in period 1 that survive until period f by the deﬁnition of the TPM in (5) but is consistent with the deﬁnition of M˜H in (4) since
ll  individuals identiﬁed will also have been part of the population in period s.
13 The decomposition is feasible so long as the dynamic health function is linear in the parameters with an additive error term. Note that if health changes are a linear
unction  not of xk itself but of g(xk), which may be so in the case of income for example, then the results in this sub-section will go through unchanged but with g(xk) replacing
k throughout.
14 Measures of chronic or long-run IRHI in these and similar studies are calculated using health and income data averaged over a number of years, to average out the effects
f  transitory shocks on individuals.
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For this purpose, we note that individual health changes between any two consecutive periods, s and f (s = 1, ..., T − 1), may  be written
rom (5) and (7) as
hif = E
(
hif
)
+ if
= E
(
hMB
if
)
+ E
(
hMT
if
)
+ if
=
{
Prob
(
Sif = 1
)
E
(
hif |Sif = 1
)}
+
{
Prob
(
Sif = 0
)
(0 − his)
}
+ if
=
{
˚ (zis)
(
K∑
k=1
ıkxkif + 
(
h∗is − his
))}
−
{
(1 − ˚ (zis))his
}
+ if ; ∀i ∈
{
˝1 ∩ ˝s
}
(12)
here zis = 0 +
∑K
k=1kxkis + hhis, and ˚ (·) denotes the cumulative density function of the standard normal distribution. Hence, the
ealth change of an individual from the original population who  has survived until period s will be the sum of the expected health
hange E
(
hif
)
and an error term if that captures the effect of health shocks.15 The decomposition of the former into morbidity-related
nd mortality-related components, E
(
hMB
if
)
and E
(
hMT
if
)
respectively, parallels that underlying (3).16 Thus the ﬁrst stage of the
ecomposition procedure straightforwardly yields:
MH =
(
CIhss − CIhfs
)
q =
(
CIhss −
2
hf
cov
(
mbif + mtif + uif , Ris
)) hf
hf
=
(
CIhss − CImbfs
) mbf
hf
+
(
CIhss − CImtfs
) mtf
hf
+
(
CIhss − CIufs
) u¯f
hf
= PE(MB)qE(MB) + PE(MT)qE(MT) + Puqu = Pq ; ∀i ∈ {˝1 ∩ ˝s}
(13)
here mbif ≡ ̂h
MB
if , mtif ≡ ̂h
MT
if and uif ≡ ˆif are the sample counterparts of E
(
hMB
if
)
, E
(
hMT
if
)
and if respectively, with corre-
ponding means, mbf , mtf and u¯f , and CIs,  CImbfs , CI
mt
fs
and CIu
fs
, deﬁned over all those from the original population who  survive until
he initial period s.17 We  note that (13) provides estimators of the progressivity and scale indices in (3), given that CImb
fs
and CImt
fs
only
epend on expected morbidity-related and mortality-related health changes conditional on income rank (see Duclos et al., 2003).
In the second stage we make use of the Taylor-series expansions of E
(
hMB
if
)
and E
(
hMT
if
)
to obtain the following linear approxi-
ations:
E
(
hMBif
)
=
{
K∑
k=1
kisxkif + EqE,is
(
h∗is − his
)}
+
{
0is +
K∑
k=1
kisxkis + hishis
}
+ if ; (14a)
E
(
hMTif
)
= 0is +
K∑
k=1
kisxkis + hishis + ωif ; (14b)
here the s, s and s are the parameters from the linearisation, for which deﬁnitions are given in Appendix A, and  if and ωif are
pproximation errors. The terms in the ﬁrst bracket of (14a) capture the inﬂuence on expected morbidity changes of the determinants of
orbidity change conditional on survival E
(
hif |Sif = 1
)
, while those in the second bracket may  be interpreted as selection effects that
apture the inﬂuence on expected morbidity changes of the determinants of survival Prob
(
Sif = 1
)
.
15 E
(
f
)
= 0 since E
(
εi,t+1|S∗i,t+1≥0
)
= 0 in (5c) by assumption for the TPM. ( ) ( )16 The probability of survival impacts on both components such that neither E hMB
if
nor E hMT
if
will typically be zero for any individual since matters of life and
eath  are rarely certain. In the case of individuals who die before the ﬁnal period, E
(
hMB
if
)
is evaluated on the assumption that they would have experienced the average
hange  in each health determinant of those who did survive. Note that here we are not considering sources of sample attrition other than death.
17 Note that the mean prediction error u¯f will not in general equal zero due to the non-linearity of the TPM.
9d
w

r
t
v
t
s
o
4
o
d
e
h
w
e
ﬁ
t
P
d28 P. Allanson, D. Petrie / Journal of Health Economics 32 (2013) 922– 937
Hence PE(MB)qE(MB) and PE(MT)qE(MT) in (13) can be decomposed to reveal the progressivity and scale indices of the various health
eterminants of expected morbidity changes and mortality:
PE(MB)qE(MB) =
{
K∑
k=1
(
CIhss − CImb
k
fs
) mbkf
h¯f
+
(
CIhss − CImb
EqE
fs
) mbEqEf
h¯f
}
+
{
K∑
k=1
(
CIhss − CImb
0
fs
) mb0f
h¯f
+
(
CIhss − CImb
k
fs
) mbkf
h¯f
+
(
CIhss − CImb
h
fs
) mbhf
h¯f
}
+
(
CIhss − CIvfs
) v¯f
h¯f
=
{
K∑
k=1
PE(MB)
k
qE(MB)
k
+ PE(MB)EqE q
E(MB)
EqE
}
+
{
PE(MB)0 q
E(MB)
0 +
K∑
k=1
PE(MB)
k
qE(MB)
k
+ PE(MB)
h
qE(MB)
h
}
+ PE(MB)v qE(MB)v
=
{
K∑
k=1
PE(MB)
k
qE(MB)
k
+ PE(MB)EqE q
E(MB)
EqE
}
+
{
PE(MB)z q
E(MB)
z
}
+ PE(MB)v qE(MB)v ;
(15a)
PE(MT)qE(MT) =
{
K∑
k=1
(
CIhss − CImt
0
fs
) mt0f
h¯f
+
(
CIhss − CImt
k
fs
) mtkf
h¯f
+
(
CIhss − CImt
h
fs
) mthf
h¯f
}
+
(
CIhss − CIwfs
) w¯f
hf
=
{
PE(MT)0 q
E(MT)
0 +
K∑
k=1
PE(MT)
k
qE(MT)
k
+ PE(MT)
h
qE(MT)
h
}
+ PE(MT)w qE(MT)w (15b)
here mbk
if
≡ ˆkisxkif , mbEqEif ≡ ˆEqE,is
(
h∗
is
− his
)
, mb0
if
≡ ˆ0is, mbkif ≡ ˆkisxkis, mbhif ≡ ˆkishis, mt0if ≡ ˆ0is, mtkif ≡ ˆkisxkis and
mth
if
≡ ˆhishis are the sample counterparts of the corresponding expressions in (14), with means and CIs  deﬁned in terms of the morbidity-
elated and mortality-related health change effects of the various health determinants, rather than the determinants themselves, because
he linearisation parameter values (which capture the marginal effects) vary across individuals in the Taylor series approximations;18 and
if and wif are the approximation residuals, which will in general not equal zero on average. In the ﬁnal line of (15a), we combine terms
o yield PE(MB)z q
E(MB)
z , which captures the overall inﬂuence on MH of the expected morbidity changes due to the combined effect of the
election terms in (14a), with qE(MB)z equal to the sum of the individual scale indices of the selection terms and P
E(MB)
z to the weighted sum
f the progressivity indices with weights in proportion to the individual scale indices.19
.3. Analysing the determinants of structural IRHI
The contribution of the equilibrium error PE(MB)EqE q
E(MB)
EqE in (15a) could be further broken down to identify the ‘apparent’ contribution
f each equilibrium health determinant to MH through the adjustment process, but this is misleading inasmuch as the causes of the
isequilibrium in the initial period are unknown.20 Instead, it is more meaningful to simply analyse the determinants of structural or
quilibrium IRHI in the initial period. Following Gravelle (2003), the CI of equilibrium health in the sub-set of the original population that
as survived until period s (s = 1, T − 1) may  be decomposed to yield:
CIhˆ
∗
ss =
2
¯ˆh
∗
s
{
K∑
k=1
ˆˇ
kCov (xkis, Ris) + Cov
(
	ˆi, Ris
)}
=
K∑
k=1
ˆˇ
kx¯ks
¯ˆh
∗
s
CIkss +
GC	ˆ
fs
¯ˆh
∗
s
=
K∑
k=1
ˆksCI
k
ss +
GC	ˆ
fs
¯ˆh
∗
s
; ∀i ∈ {˝1 ∩ ˝s} ; (16)
here CIkss is the CI of xks ranked by initial income and ˆks is the corresponding elasticity of health evaluated at sample means, which isqual to the share of equilibrium health attributable to that determinant; and GC	ˆ
fs
is the generalised concentration index of the estimated
xed effects 	ˆi ranked by initial income. Hence the contribution of each health determinant to equilibrium IRHI is simply the product of
he health elasticity and the CI of that determinant with respect to initial income rank.
18 For the same reason, there are terms relating to initial health hs in both (15a) and (15b).
19 In our empirical application we  choose to report the combined selection effect as the individual effects are relatively small.
20 For example, the decomposition would identify the contribution of the kth health determinant to the change in health attributable to the disequilibrium error as
E(MB)
EqE(k)
qE(MB)
EqE(k)
= (CIhss − CImb
EqE(k)
fs
)(mb
EqE(k)
f /h¯f ), where mb
EqE(k)
if
≡ ˆEqE,is ˆˇ kxkis , irrespective of whether the initial disequilibrium had arisen due to past changes in that
eterminant or not.
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Table 1
Variable deﬁnitions and summary statistics.
Variable Attribute Mean Std. Dev Min  Max
HEALTH99 Health 1999 0.800 0.128 0.301 1
HEALTH Change in health −0.052 0.202 −1 0.495
LNINCOME99 Logarithm of income 1999 2.893 0.616 0.322 4.403
SMOKING99 Cigarettes smoked per day 1999 3.494 7.340 0 60
AGE99  Age 1999 47.823 18.729 16 96
AGESQ99 Age squared 1999 2637.779 1900.315 256 9216
MALE  Gender (Male = 1) 0.477 0.499 0 1
NONWHITE Race (Non White = 1) 0.161 0.367 0 1
ADVEDUC Advanced qualiﬁcations 1999 0.350 0.477 0 1
STDEDONLY Standard qualiﬁcations 1999 0.312 0.463 0 1
SURVIVAL Survival status (Alive in 2004 = 1) 0.937 0.243 0 1
Survivors only
HEALTH99 Health 1999 0.809 0.120 0.301 1
HEALTH Change in health −0.010 0.118 −0.699 0.495
LNINCOME99 Logarithm of income 1999 2.917 0.615 0.322 4.403
LNINCOME Income growth 0.127 0.735 −11.043 3.439
SMOKING99 Cigarettes smoked per day 1999 3.525 7.370 0 60
SMOKING Change in smoking −0.440 4.760 −40 30
AGE99  Age 1999 46.056 17.731 16 93
AGESQ99 Age squared 1999 2435.548 1737.122 256 8649
MALE  Gender (Male = 1) 0.476 0.499 0 1
NONWHITE Race (Non White = 1) 0.169 0.375 0 1
ADVEDUC Advanced qualiﬁcations 1999 (At least A Levels) 0.366 0.482 0 1
STDEDONLY Standard qualiﬁcations 1999 (GCSEs/O levels/CSEs only) 0.324 0.468 0 1
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. Empirical analysis
We  employ the decomposition procedures to analyse the health determinants of IRHI changes in Great Britain between 1999 and 2004,
reated as a single ﬁve year transition period as in Petrie et al. (2011). Our empirical analysis employs data from the British Household Panel
urvey (BHPS; University of Essex, Institute for Social and Economic Research, 2007), which is a nationally representative longitudinal
urvey of private households in Great Britain. Speciﬁcally, we  use the data from 1999 and 2004 to construct an unbalanced panel consisting
f observations on the sub-set of individuals in the BHPS for whom full information on health, income and a range of other socioeconomic
ariables was  available in both 1999 and 2004 or for whom full information was  available in 1999 and the individual was known to have
ied by 2004. The analysis is restricted to these two  waves by the availability of data to construct our preferred health measure, which
s deﬁned in terms of Quality Adjusted Life Years (QALYs) and derived from the responses to the SF-36 questionnaire using the SF-6D
reference-based algorithm (Brazier et al., 2002).
To prevent outlier incomes exerting undue inﬂuence, we follow common practice when using the BHPS (see e.g. Jones and Lopez Nicolas,
004; Jenkins and Van Kerm, 2011) by excluding individuals from the panel if their equivalised income fell in the top 1% or bottom 1%
f the distribution in either wave. Sample weights were used throughout the analysis with these being given by a set of adjusted BHPS
ross-sectional weights for 1999, where the adjustments were made using inverse probability weights (see Wooldridge, 2002) to allow
oth for missing data in either 1999 or 2004 and for non-mortality related sample attrition between 1999 and 2004 (see Petrie et al. (2011)
or further discussion). Standard errors for all inequality and mobility measures were generated using a bootstrap procedure in which
e-sampling was carried out at the cluster (Primary Sampling Unit) rather than individual level within each major stratum, reﬂecting the
ample design.21
.1. Deﬁnition of variables
The trimmed sample comprises observations on 9677 individuals of whom 599 had died by 2004, representing 6.3% of the weighted
ample. Table 1 provides deﬁnitions and descriptive statistics for all the variables used in the empirical analysis. The health variable is
ounded in the unit interval with full health corresponding to a value of one, the lowest possible health utility of anyone alive being
qual to 0.301, and with death assigned a QALY of zero. The average QALY score fell among those who  survived until 2004, with this
orbidity-related decline being reinforced by health utility losses due to mortality.
The income variable was deﬁned as the natural logarithm of annual household income, equivalised using the McClements scale (Taylor,
995) to take account of household composition and deﬂated by the CPI to take account of inﬂation. Other determinants of health and
urvival included in the analysis were the number of cigarettes usually smoked each day, age in years, the square of age, gender, ethnicity
nd highest level of educational attainment. Changes in log income and smoking were also included in the speciﬁcation of the dynamic
ealth function to capture the possible short-run effects of changes in these variables on health. Of those alive in both years, average
21 However, the bootstrapping procedure did not include re-estimation of the individual weights that were constructed from the original sample. See Biewen (2002) on
he  use of bootstrap inference for inequality and mobility measurement.
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Table 2
Decomposition of IRHI changes.
Average health 1999 (h¯s) 0.80016***
0.00190
Average health change (hf ) −0.05170***
0.00286
Conc. index of health changes (CIh
fs
) −0.34191***
0.03064
Concentration index 1999 (CIhss) 0.02095***
0.00129
Concentration index 2004
(
C˜I
h
ff
)
0.02523***
0.00128
Change in inequality
(
C˜I
h
ff − CIhss
)
0.00429***
0.00133
Income-related health mobility (MH) −0.02506***
0.00231
Due to:Morbidity changes (PMBqMB) −0.00342***
0.00106
Mortality (PMTqMT) −0.02164***
0.00200
Progressivity index (P) 0.36285***
0.03038
Due to: Morbidity changes (PMB) 0.28790***
0.10211
Mortality (PMT) 0.38101***
0.02731
Scale index (q) −0.06907***
0.00410
Due to: Morbidity changes (qMB) −0.01227***
0.00205
Mortality (qMT) −0.05680***
0.00326
Health-related income mobility (MR) −0.02078***
0.00246
Source: Authors’ calculations based on Eqs. (1)–(3). Bootstrapped standard errors in italics based on 2000 replications. Statistical signiﬁcance at 1%, 5% and 10% levels are
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ncomes rose by 13.5% from an average of £18494, while smoking fell by 0.44 cigarettes per day from an average of 3.53 per day. Both
verage incomes and cigarette consumption were higher in 1999 among those who survived until 2004 compared to those who  did not.22
.2. Accounting for changes in IRHI using longitudinal data
Table 2 shows that cross-sectional IRHI was 0.02095 in 1999 and 0.02523 in 2004.23 The remainder of the table presents results
rom the Petrie et al. (2011) decomposition of the increase in IRHI of 0.00492 between the two years. This reveals three main points of
nterest, where all the reported measures are signiﬁcantly different from zero at conventional signiﬁcance levels. First, the negative value
−0.02506) for the income-related health mobility index MH indicates that health changes among the initial population had a disequalising
ffect. Average health depreciation was 0.05170 with the progressivity index P value (0.36285) implying that relative health losses were
oncentrated among the worse-off. Second, 86.4% of the income-related health mobility was  due to selective mortality, while 13.6% was
ue to selective morbidity changes of the survivors: mortality accounted for 82.2% of the net loss in health over the period and these losses
ere more concentrated among the poor than net morbidity losses. Third, the negative value for the health-related income mobility index
R (−0.02078) indicates that health inequality among the population alive in 2004 was  reduced by the combined effect of the dead no
onger contributing to the calculation of IRHI and of income re-ranking among the survivors.24
.3. Two-Part Model of health changesThe further decomposition to analyse the determinants of the income-related health mobility index MH in Table 4 is based on the
stimates of the Two-Part Model.
22 The ﬁnding about cigarettes may  appear surprising but, after controlling for other factors, we show later that smoking reduces the chance of survival.
23 The concentration indices in the current paper are similar in magnitude to those found in other studies (see e.g. Van Doorslaer and Koolman, 2004). If there was  a linear
elationship between health and income rank then these levels of IRHI would imply that the difference in health utility between the poorest and richest individuals in the
opulation was  0.1006 in 1999 and of 0.1133 in 2004, or just less than one standard deviation in health in both years. This follows as the Slope Inequality Index is equal to
pproximately six times the product of the health CI and mean health (see, e.g. Allanson and Petrie, 2012).
24 Petrie et al. (2011) further decompose MR to show that those who  moved up the income distribution tended to be healthier in 2004 than those who moved down, giving
ise  to a positive contribution to IRHI in 2004, but that this effect was outweighed by the dead dropping out of the population.
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Table 3
Two-Part Model and the implied Equilibrium Health Function.
[1] Probit survival model [2] Error Correction Model conditional on survival [3] Equilibrium health function
Left hand side variable SURVIVAL HEALTH h∗s
Explanatory variables Coeff. Coeff. Coeff.
Std  error Std error Std error
LNINCOME –  0.00819*** –
0.00237
SMOKING –  −0.00022 –
0.00034
HEALTH99 2.03316*** −0.51034*** –
0.23017 0.01340
LNINCOME99 0.07344 0.01623*** 0.03179***
0.06229 0.00274 0.00539
SMOKING99 −0.01485*** −0.00092*** −0.00181***
0.00413  0.00021 0.00040
AGE99 0.02964** 0.00050 0.00098
0.01315 0.00044 0.00080
AGESQ99 −0.00064*** −0.00002*** −0.00004***
0.00011 0.00000 0.00001
MALE −0.33276*** 0.01456*** 0.02854***
0.06746 0.00270 0.00519
NONWHITE 0.11852 −0.00494 −0.00967
0.14809 0.00391 0.00680
ADVEDUC 0.21339** 0.01048*** 0.02054**
0.09378 0.00397 0.00817
STDEDONLY 0.14268 0.01389*** 0.02722***
0.09265 0.00391 0.00811
Constant 0.63080 0.36988*** 0.72478***
0.42130 0.01552 0.02447
Sample size 9677 9078
Pseudo R2/R2 0.3656 0.2617
Wald 2(9) 650.76*** –
F(11,398) – 139.44***
Source: Authors’ calculations based on Eqs. (5a), (7) and (8), with the coefﬁcient estimates in column [3] derived by manipulation of the estimation results in column [2].
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.3.1. Estimation methods
We  estimate the ECM (7) by ordinary least squares (OLS)25 and the probit model by maximum likelihood. Consideration of individual
eterogeneity in the ECM is problematic as we only have a single transition and individual-speciﬁc effects are therefore not identiﬁable.26
owever, we did experiment on a reduced sample with a Mundlak (1978) type parameterisation of the unobserved individual effect as
 function of within-individual 3-year averages of the time-varying levels of smoking, income and self-assessed health over the period
996–98, and found that this made little difference to the conclusions.27 Another estimation issue with the ECM is the potential endogeneity
f the contemporaneous changes in smoking and income given that health shocks may  inﬂuence both income and smoking status (see
.g. Kapteyn et al., 2008; García-Gómez, 2011). Others have suggested that conditioning on initial health may  limit the bias due to reverse
ausation (see e.g. Contoyannis et al., 2004; Van Ourti et al., 2009). We  further explored this issue by excluding individuals from the sample
hose economic activity status changed to long-term sick in 2004, as their change in income was mostly likely driven by a change in health,
nd found that this had a relatively small effect on the results.28 Finally, we  note that heterogeneity and endogeneity may  also arise in
he estimation of the probit model (see Balia and Jones, 2008) but consideration of these econometric issues lies beyond the scope of the
urrent study.
.3.2. Empirical results
Column [1] in Table 3 reports the results from the estimation of the probit survival model (5a) over the entire sample of individuals
live in 1999, where the dependent variable is 2004 survival status. All other things equal, the survival chances of those who were in better
ealth in 1999 were, as would be expected, signiﬁcantly better than those in worse health. Higher levels of income and education improved
urvival chances, though the effect for income was  not signiﬁcant, while smoking had a signiﬁcant negative effect. The quadratic in age
25 See Banerjee et al. (1990) on the applicability of the one-step OLS estimation of the ECM.
26 Additional waves of data would permit the estimation of a dynamic model with individual-speciﬁc effects but this will introduce additional complexities that are not
onsidered here (see Baltagi, 2005).
27 The inclusion of data from previous waves results in a substantial fall in sample size, from 9677 to 5794 observations, given that the BHPS sample was boosted in
999.  Additionally, the unavailability of our preferred health measure necessitated the use of a set of health dummies based on self-assessed health instead. Controlling for
ndividual heterogeneity using this approach led to very similar conclusions about the contributions of the various health determinants to MH , with the biggest change being
n  the contribution due to income growth which falls in the restricted sample from −4.7% to −3.2% but remains signiﬁcant at the 5% level. As expected, there was a positive
radient in the estimated individual effects moving from very poor to excellent health.
28 The coefﬁcient on income falls from 0.00819 to 0.00644, resulting in a fall in the contribution of income growth to MH from −4.9% in Table 4 to −3.9% although this
emains signiﬁcant at the 1% level. The contribution of changes in smoking remains insigniﬁcant throughout.
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Table 4
Decomposition of the income-related health mobility index.
Progressivity, P Scale, q Mobility, MH Share
Income-related health mobility 0.36285*** −0.06907*** −0.02506*** 100.0%
0.03038 0.00410 0.00231
Resulting from health changes due to:
Expected morbidity changes 0.23853** −0.01219*** −0.00291** 11.6%
0.10446 0.00206 0.00113
Due  to:
LNINCOME 1.11026*** 0.00112*** 0.00124*** −4.9%
0.11261 0.00036 0.00037
SMOKING −0.13404 0.00010 −0.00001 0.1%
0.09091 0.00015 0.00002
Equilibrium error 0.31376*** −0.01146*** −0.00359*** 14.3%
0.10168 0.00178 0.00105
Combined selection 0.27703*** −0.00195*** −0.00054*** 2.2%
0.10416 0.00033 0.00018
Approx. error −0.39082 0.00000 0.00000 0.0%
0.25487 0.00001 0.00000
Expected mortality 0.36967*** −0.05713*** −0.02112*** 84.3%
0.02807 0.00334 0.00206
Due  to:
HEALTH99 0.08482*** −0.07083*** −0.00601*** 24.0%
0.00823 0.01655 0.00163
LNINCOME99 −0.00450 0.01806 −0.00008 0.3%
0.01364 0.01678 0.00036
SMOKING99 0.14770*** −0.00469*** −0.00069*** 2.8%
0.02236 0.00139 0.00021
AGE99 0.17361*** 0.14460** 0.02510** −100.2%
0.01386 0.06641 0.01166
AGESQ99 0.22695*** −0.19432*** −0.04410*** 176.0%
0.01423 0.03409 0.00820
MALE 0.05458*** −0.01486*** −0.00081*** 3.2%
0.01394 0.00292 0.00026
NONWHITE −0.01568 0.00112 −0.00002 0.1%
0.02509 0.00130 0.00005
ADVEDUC −0.18551*** 0.00522** −0.00097** 3.9%
0.01791 0.00217 0.00043
STDEDONLY 0.03335* 0.00324* 0.00011 −0.4%
0.01863 0.00190 0.00009
Intercept 0.11475*** 0.05533* 0.00635 −25.3%
0.01353 0.03706 0.00426
Approx. error −0.42125* 0.00000 0.00000 0.0%
0.24637 0.00026 0.00007
Residual health shocks −4.13427 0.00025* −0.00103** 4.1%
93.92231 0.00014 0.00044
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mplies that those who were in their early twenties in 1999 had the highest probability of survival, with survival chances declining with
ge at an increasing rate thereafter. Finally, men  were less likely to survive than women, while the effect of ethnicity was insigniﬁcant.
Column [2] reports the results for the dynamic health function conditional upon survival (7) with the dependent variable being the
hange in morbidity between 1999 and 2004. The ﬁrst two regression coefﬁcients show the short-run impact of changes in income and
moking on health.29 Thus increases in income led to contemporaneous improvements in health, consistent with other evidence that short
un movements in individual health are related to transitory income shocks (see e.g. Benzeval and Judge, 2001). Conversely, increases in
moking are estimated to have had a contemporaneous negative impact on health, though this effect was small and not signiﬁcant.
The remainder of the dynamic health function relates to the equilibrium error, where the speciﬁcation of steady-state or equilibrium
ealth in (8) includes the same set of determinants as the probit survival model. The initial health coefﬁcient provides an estimate of the
djustment parameter ˆ equal to 0.51, implying that just over half of the gap between any individual’s actual and equilibrium health in
999 was closed by 2004. Dividing the coefﬁcients on the initial period levels of the health determinants by ˆ yields the parameters of
he implied equilibrium health function reported in Column [3]. Thus the implied long-run effect on health of a 1% increase in income
0.03179) was nearly four times as large as the contemporaneous effect (0.00819), while the implied long-term effect of smoking an
dditional cigarette per day (−0.00181) was over eight times the contemporaneous impact (−0.00022). The quadratic in age implies
hat equilibrium health levels peak before twenty, with health declining at an increasing rate thereafter. Men  had signiﬁcantly higher
quilibrium levels of health than women all other things equal. Non-whites had lower equilibrium levels of health though the coefﬁcient
as not signiﬁcantly different from zero. Finally, higher levels of educational attainment are associated with better long-term health than
he omitted case of no educational qualiﬁcations.
29 We do not include changes in age and the square of age as these are perfectly collinear with the constant and initial age respectively. The remaining health determinants
re  treated as time invariant.
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Overall, the Two-Part Model results are credible with expected signs on all coefﬁcients that are signiﬁcantly different from zero.
arameter estimates from the linearization of the model, which are employed in the hierarchical decomposition of the Petrie et al. (2011)
ncome-related health mobility index, are reported in Appendix A.
.4. Determinants of income-related health mobility
Table 4 expands upon the Petrie et al. (2011) decomposition analysis by reporting the results from our further hierarchical decomposition
f the income-related health mobility index MH by both morbidity change and mortality determinants using the TPM.
The ﬁrst-stage decomposition results reveal that health changes due to expected morbidity changes, expected mortality and residual
ealth shocks were all estimated to have had the effect of increasing IRHI over the period, with positive contributions of 11.6%, 84.3% and
.1% respectively to income-related health mobility. Thus the TPM explains the vast majority of observed income-related health mobility,
ith the residual term making only a minor contribution.30 Moreover, the estimated progressivity, scale and mobility indices of health
hanges due to expected morbidity changes and expected mortality closely match the corresponding non-parametric estimates reported
n Table 2. Health changes due to expected mortality accounted for over four ﬁfths of overall income-related health mobility, as a result of
oth the scale of expected health losses due to death and their concentration among the poor.
The second-stage decomposition results suggest that the effects of age on mortality was the principal contributor to income-related
ealth mobility (75.8% = 176.0%–100.2%), with the old in 1999 more likely both to be poor and to die in the following ﬁve year period. Health
n 1999 also made a disequalising contribution (24.0%) because the marginal effects of initial health on mortality-related health losses
ere negatively correlated with initial income rank,31 such that mortality-related health losses due to initial health were concentrated
mong the poor even though initial health was not. Similarly, gender contributed to increasing IRHI (3.2%) because the marginal effect of
eing male tended to be larger for the poor, such that mortality-related health losses due to being male were concentrated among the poor
ven though men  tended to be better off than women  on average.32 More obviously, advanced educational attainment also contributed
o the disequalising effect of expected deaths (3.9%) because the highly educated were both more likely to be better off and less likely to
ie. This is also the case for smoking (2.8%) but for the opposite reason—smokers were both less likely to be better off and more likely to
ie. None of the remaining determinants – income, race and standard qualiﬁcations – make signiﬁcant contributions, consistent with the
nsigniﬁcant effects of these factors on survival. Finally, the intercept term in (14b), which varies across individuals, makes an equalising
ontribution to income-related health mobility (−25.3%) given that the positive impact of the constant in the survival model varies across
ndividuals with the reduction in the chance of death tending to be larger among the poor due to the non-linearity of the probit function.33
Expected morbidity changes also made a disequalising contribution to income-related health mobility (11.6%). However, income growth
rovided a signiﬁcant equalising contribution to this (−4.9%), with the positive values of q and P arising because income growth improved
ealth and these health gains were concentrated among the poor whereas health in 1999 was concentrated among the rich.34 In contrast,
eductions in smoking over the period increased health inequalities, since the distribution of health gains due to the fall in smoking were
ore concentrated among the rich than the distribution of health in 1999, although the effect was  both very small and insigniﬁcant. The
argest contribution to MH, of 14.3%, was from the equilibrium error term which, consistent with our expectations based on the discussion of
11), exacerbated IRHI. Speciﬁcally, adjustments from observed health in 1999 towards equilibrium health as deﬁned by the socioeconomic
eterminants in 1999 resulted in a disequalising net health loss as these losses were concentrated among the poor. Finally, the combined
ffect of survival selection on expected morbidity made only a minor contribution to overall income related health mobility (2.2%) given
hat the average predicted chance of survival was 93.7%.
.5. Determinants of implied 1991 equilibrium IRHI
Given the major contribution to income-related health mobility from the adjustment toward equilibrium health (14.3%), it is of interest
o further consider the socioeconomic determinants of 1999 equilibrium IRHI per se. The observed and equilibrium CIs  in Table 5 show
hat structural IRHI in 1999 (0.02982) was more severe than would be inferred from the cross-sectional measure (0.02095), which is
onsistent with the empirical literature on the relationship between long-run and short-run IRHI (see e.g. Jones and Lopez Nicolas, 2004).
he decomposition of the equilibrium CI further reveals that just under half (47.2%) of structural IRHI in 1999 was  attributable to income
ifferences, with this resulting from income being both concentrated among the rich (by deﬁnition), as indicated by the positive CI for the
ogarithm of initial income (0.11934), and beneﬁcial to health leading to a positive equilibrium health share (0.11799). A further two ﬁfths
39.7% = 50.0–10.3%) of the equilibrium CI was attributable to income-related inequalities in age, with the old more likely to be both poorer
30 The TPM is an accurate predictor of health changes in (12) on average – as indicated by the small q value for the residual – although the residuals are positively correlated
ith  income rank leading to the large – though poorly determined – value of the progressivity index.
31 Note that the marginal effect of initial health on mortality-related health losses in the linearised version of the TPM is given in (14b) by his , which varies across individuals
ased  on their characteristics. In particular, for any given level of initial health, the poor tend to have a higher chance of dying and hence of suffering health losses due to
ortality given their other characteristics. This leads to the concentration of mortality-related health losses due to initial health among the poor even though initial health
as  concentrated among the rich.
32 This follows from the non-linearity of the survival model whereby the marginal effect of any determinant in the probit function tends to be larger for the poor since
heir  probability of survival tends to be closer to 0.5 (the point where the derivative of the probit function with respect to z is at its maximum). That men were better off on
verage  than women  can be inferred from the positive CI for MALE reported in Table 5.
33 Balia and Jones (2008) investigate the contribution of socioeconomic, demographic and lifestyle determinants to total inequality in mortality rates deﬁned as a linear
ndex  of predicted death from a probit model, i.e. −zˆis in our notation. Applying their decomposition methodology to the survival model estimates reported in Table 3,
e  similarly ﬁnd that age is the predominant contributor (69.2%) but that initial health plays a larger role (16.8%) than in their study, perhaps due to our shorter follow
p  period (5 years rather than 19). All other factors make only a minor contribution as in their results when, similar to our approach, initial health and lifestyle choices
including smoking) are treated as exogenous. Repeating their decomposition on income-related inequality in mortality yields broadly similar results but with initial income
nsurprisingly making a larger contribution.
34 Note that pro-poor distribution of relative health gains in this case can be inferred from the result that P > CIhss , where CI
h
ss is reported in Table 2.
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Table 5
Decomposition of the implied equilibrium IRHI in 1999.
Decomposition Analysis
Conc. Index Health share Contribution
CI   Share
IRHI in 1999: CIhss 0.02095*** – – –
0.00129
Equilibrium IRHI: CIhˆ
∗
ss 0.02982*** – 0.02982*** 100.0%
0.00240 0.00240
of  which due to:
LNINCOME99 0.11934*** 0.11799*** 0.01408*** 47.2%
0.00165 0.02013 0.00239
SMOKING99 −0.07904*** −0.00810*** 0.00064*** 2.1%
0.01647 0.00183 0.00020
AGE99  −0.05111*** 0.06015 −0.00307 −10.3%
0.00351 0.04739 0.00247
AGESQ99 −0.11029*** −0.13519*** 0.01491*** 50.0%
0.00631 0.02769 0.00329
MALE  0.05409*** 0.01744*** 0.00094*** 3.2%
0.00536 0.00313 0.00020
NONWHITE 0.07027*** −0.00199 −0.00014 −0.5%
0.01858 0.00143 0.00011
ADVEDUC 0.24303*** 0.00923** 0.00224** 7.5%
0.01074 0.00369 0.00090
STDEDONLY 0.02010* 0.01089*** 0.00022 0.7%
0.01110 0.00328 0.00014
constant 0 0.92958*** 0 0%
–  0.03032 – –
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oource: Authors’ calculations based on Eq. (16) using all those present in 1999. Bootstrapped standard errors in italics based on 2000 replications. Statistical signiﬁcance at
%,  5% and 10% levels are denoted by ***, ** and *, respectively.
nd, all other things equal, in worse health. Finally, smoking, education and gender also made signiﬁcant positive contributions to overall
evels of equilibrium IRHI, with smokers more likely to be poor and smoking detrimental to health, while well-qualiﬁed individuals and
en were more likely to be both richer and have better underlying levels of health.
. Discussion
The traditional approach to understanding the causes of changes in health inequality has been based on repeated cross-sectional analysis
sing regression decomposition techniques such as those proposed in Wagstaff et al. (2003). This paper develops new regression-based
rocedures that exploit the additional information contained within longitudinal data to estimate a dynamic health function that captures
he persistence of health states and to identify important aspects of the underlying determinants of IRHI changes such as those relating
o mortality. Speciﬁcally, we employ a Two-Part Model – a probit model of survival together with a dynamic health function conditional
pon survival – that provides a uniﬁed framework for understanding the role of health determinants in driving changes in IRHI through
oth morbidity changes and mortality. Our analysis reveals the contribution of each health determinant to income-related health mobility,
hich in turn are shown to depend on the progressivity and scale of the health changes attributable to that determinant. Moreover, our
ynamic modelling framework also serves to identify how each health determinant contributes to long-run or structural IRHI.
We applied our procedures to the investigation of the causes of changes in IRHI in Great Britain over the ﬁve year period 1999 to 2004,
sing Quality Adjusted Life Years (QALYs) as our health measure. Health changes due to expected mortality and expected morbidity changes
oth had a disequalising effect over this period, with the overall effect dominated by health losses due to expected deaths. This ﬁnding
oints to the importance of understanding the determinants of mortality in the evaluation of policies designed to tackle health inequalities.
onsistent with Balia and Jones (2008) we ﬁnd that the major driver of the disequalising effects of mortality was the positive association
etween (old) age and poverty given that the old were at greater risk of death, with other signiﬁcant contributors including initial health
tatus, advanced levels of educational attainment, gender and smoking. Health service interventions that improve the survival rates of the
ld and chronically sick are likely to reduce excess deaths among the poor yet, paradoxically, may  also result in higher future levels of
ross-sectional health inequalities if they do not also improve their average levels of morbidity. Programmes that act on the distribution
f health determinants in the population, for example targeted smoking cessation programmes, may  reduce both excess deaths among
he poor and long term levels of IRHI.
The disequalising effect of morbidity related health changes was  driven by the lagged process of adjustment to changes in health
eterminants and health shocks prior to 1999. However, this effect was moderated by the poor enjoying a disproportionately large share
f the contemporaneous gains in relative health due to pro-poor real income growth between 1999 and 2004. This period largely coincided
ith New Labour’s second term in ofﬁce, which was characterised by income growth rates that were highest at the very bottom of the
ncome distribution (Joyce et al., 2010: 25; see also Jenkins and Van Kerm, 2011) as a result of a range of factors including low unemployment,
he introduction of the minimum wage and an assortment of new and enhanced social security beneﬁts.The ﬁndings further indicate that just under half of the equilibrium level of IRHI in 1999 was  attributable to income inequality, providing
ome support for the conclusions of the Independent Inquiry into Inequalities in Health Report (Acheson, 1998) ‘that without a shift
f resources to the less well off, both in and out of work, little will be accomplished in terms of a reduction of health inequalities by
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nterventions addressing particular “downstream” ‘inﬂuences’. However, like Adams et al. (2003), we  are unable to show a signiﬁcant
irect inﬂuence of income on the risk of mortality after controlling inter alia for the protective effect of initial health.35
These empirical ﬁndings illustrate the value of the proposed approach for understanding how changes in individuals’ determinants of
ealth impact on health inequalities in order to shape the design of an effective set of public policies to tackle the issue. Nevertheless,
he proposed approach offers only a partial analysis of changes in IRHI in that it establishes the causes of income-related health mobility
ut not of health-related income mobility, with the latter also playing a signiﬁcant role in the determination of the overall rise in IRHI in
reat Britain between 1999 and 2004. Extension of the approach to incorporate a decomposition of health-related income mobility by the
eterminants of changes in income (ranks) would require a joint model of the determination of health and income changes that accounts
or dual causality, but this lies beyond the scope of the current paper.
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ppendix A. Linearisation of the Two-Part Model
The linearisation of the TPM is based on the Taylor series expansion of the standard normal cumulative distribution function ˚ (z) about
ero (see e.g. Marsaglia, 2004):
˚ (z) = 1
2
+ 1√
2
⎛⎝ ∞∑
j=0
(−1)jz2j
(2j  + 1)2jj!
⎞⎠ z ≡ 1
2
+ 1√
2
⎛⎝ ∞∑
j=0
j (z)
⎞⎠ z
Hence E
(
hMB
if
)
and E
(
hMB
if
)
in (13) may  be written as36
E
(
hMB
if
)
=
{
K∑
k=1
kisxkif + EqE,is
(
h∗is − his
)}
+
{
0is +
K∑
k=1
kisxkis + hishis
}
+ if ;
E
(
hMT
if
)
= 0is +
K∑
k=1
kisxkis + hishis + ωif ;
(A1)
here
kis =
⎧⎨⎩12 + 1√2
⎛⎝ J∑
j=0
(
1
2j + 2
)
j (zis)
⎞⎠ zis
⎫⎬⎭ ık; k = 1, ..., K
EqE,is =
⎧⎨⎩12 + 1√2
⎛⎝ J∑
j=0
(
1
2j + 2
)
j (zis)
⎞⎠ zis
⎫⎬⎭;
⎧ ⎛ ⎞( )⎫
mis =
⎨⎩ 1√2 ⎝
J∑
j=0
(
2j + 1
2j + 2
)
j (zis)⎠ K∑
k=1
ıkxkif + 
(
h∗is − his
) ⎬⎭m; m = 0, 1, ..., K, h
35 Note the absence of a direct link between income and mortality does not rule out the existence of socioeconomic inequalities in age and sex standardised mortality rates,
s  reported in the literature (see e.g. Leyland, 2004; Norman et al., 2011), given our model implies that initial health is determined in part by income.
36 One could instead employ a Taylor series expansion about the sample means but our preferred approach is analytically simpler and thus readily allows computation of
he  approximation to any desired level of accuracy.
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Table A1
Average linearization parameter estimates.
Dependent variable E
(
hMB
if
)
E
(
hMT
if
)
Explanatory variables Av. coeff Av. coeff
Std  error Std error
LNINCOME ¯ˆLNINCOME 0.0065034*** –
0.0019225
SMOKING ¯ˆSMOKING −0.0001762 –
0.0002636
Equilibrium
error
¯ˆEqE 0.4050026*** –
0.0108085
HEALTH99 ¯ˆHEALTH99 −0.0015027*** ¯ˆHEALTH99 −0.0729326***
0.0004362 0.0154532
LNINCOME99 ¯ˆLNINCOME99 −0.0000543 ¯ˆLNINCOME99 0.0048212
0.0000559 0.0044940
SMOKING99 ¯ˆSMOKING99 0.0000110** ¯ˆSMOKING99 −0.0009746***
0.0000048 0.0002588
AGE99 ¯ˆAGE99 −0.0000219* ¯ˆAGE99 0.0019456**
0.0000121 0.0009053
AGESQ99 ¯ˆAGESQ99 0.0000005*** ¯ˆAGESQ99 −0.0000420***
0.0000002 0.0000077
MALE ¯ˆMALE 0.0002459***
¯ˆMALE −0.0218441***
0.0000902 0.0039315
NONWHITE ¯ˆNONWHITE −0.0000876
˜ˆ¯NONWHITE 0.0077807
0.0001211 0.0098915
ADVEDUC ¯ˆADVEDUC −0.0001577* ¯ˆADVEDUC 0.0140080**
0.0000915 0.0062602
STDEDONLY ¯ˆSTDEDONLY −0.0001055 ¯ˆSTDEDONLY 0.0093661
0.0000741 0.0057983
Constant ¯ˆ0 −0.0004662 ¯ˆ0 0.0414092
0.0004105 0.0277510
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Gource: Authors’ calculations based on Eqs. (14a) and (14b) as further deﬁned in Appendix A. The reported coefﬁcient values are sample weighted averages of the individual-
peciﬁc  coefﬁcient values obtained from the Taylor series expansion with J = 20. Bootstrapped standard errors based on 2000 replications. Statistical signiﬁcance at 1%, 5%
nd  10% levels are denoted by ***, ** and *, respectively.
kis =
⎧⎨⎩ 1√2
⎛⎝ J∑
j=0
(
2j + 1
2j + 2
)
j (zis)
⎞⎠his
⎫⎬⎭k; k = 0, 1, ..., K
his =
⎧⎨⎩ 1√2
⎛⎝ J∑
j=0
(
2j + 1
2j + 2
)
j (zis)
⎞⎠his
⎫⎬⎭h +
⎧⎨⎩−12 + 1√2
⎛⎝ J∑
j=0
(
1
2j + 2
)
j (zis)
⎞⎠ zis
⎫⎬⎭ ;
nd the size of the approximation errors  if and ωif can be controlled by the choice of J, which determines the order of the expansions.
able A1 reports estimates of the linearisation parameters with J = 20, which serves to reduce the magnitude of the contributions of the
pproximation errors to income-related health mobility reported in Table 4 to the order of 10−8. Note that ¯ˆHEALTH99 is approximately
qual to minus the average probability of death given that the better an individual’s initial health the more they lose from dying and that
he protective effect of better initial health on the risk of mortality is small.
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